The Function Analysis of Structure Protein VP41B and Non-structure Protein ICP11 of White Spot Syndrome Virus and the Preliminary Research on the mechanism of virus invasion by 丁琦
????????? W S S V )????VP41B 
??????ICP11?????????? 
???????
The Function Analysis of Structure Protein VP41B and 
Non-structure Protein ICP11 of White Spot Syndrome Virus and 
the Preliminary Research on the Mechanism of Virus Invasion
??
r :
?????? ? ? k  ? 
? ? ? ?  
? ? ? ? ?????????? 
?????? 2 0 0 9? 0 6? 
?????? 2 0 0 9? 0 8? 
?????? 2 0 0 9? ?
???????  ^ _______
? ? ?  ____
???? 1?84 ???______??_





























?? ??????  ??(?)
????? ??  ?? ? ???????
?? ?  ????????????????
?????????????? ????????? ????? 
????
??? ??:
t  ? M





















( ) 1 .?????????????????????





















m  ^ .............• •??... ..... ......... .........   1
Abstract .......................................................   t.................................. 3
m  m ........... ...... . ................ .••••••••• • • • • • • • • •:.................. 5
1????????? W S S V ) ????    ........   5
1.1??????????????.    ....................... 5
1.1.1????????????  .....  5
1.1.2 ??????????  ...................    6
1.1.3????????????.........      6
1.1.4??????????????...................................7
1.1.5???????????????????  ................... 8
1.1.6 ??????????????.............. ?.................. 10
1.1.7???????????????????........................11
1.2 ????????????????????..................   13
1.2.1??????????????  ..................   13
1.2.2??????????????.......  ...13
1.3????????????????............................... 15
1.4????????????????? ...............  20
1.4.1??????????????............        21
1.4.2??????????????? ..............     28
1.4.3?????????????? .........     30
1.4.4?????????????..........       31
2 R N A  ?? RNAI) ???..............       32
2.1 R N A i?????????................      32
2.2 RNAi ?????...........         35
2.2.1 R N A i?????????????.........?......   35
2.2.2 R N A i????????? .......   36
2.2.3 R N A i????????? .........    36
3 W S S V????????????????  ...........   37















3.2 W S S V??????????.............................. . ...39
  ??????????????.....••••••••••••••• • • • • • • • • • • • • • • •......       • •• • • • • 40
4.1????.................................................... 40
4.2????.................................................... 40
????????????????VP41B?????••° ° ••••° 41
1 m m ................................          41
2 ?????.............................      41
2.1   41
2.2 ??................................................   42
2.2.1 W S S V????????????????????...............42
2.2.2 vp41B??????????????........................ .....43
2.2.3????????........................................... 45
2.2.4 Western blotting ??......................................... 46
2.2.5 VP41B???????...................................... ..46
2.2.6 Far-Western blotting ??...........................     47
2.2.7 GST pull-down ??.............................  47
3 ??......................................................... 47
3.1 vp41B?????.............................    47
3.2??VP41B????????............   ......49
3.3 GST-VP41B????????.................................. 50
3.4 Western blotting ??.......................................   50
3.5 VP41B???????.........................................51
3.6 Far-Western blotting ?? VP41B ???????....................52
3.7 GST pull-down??GST-VP41B???????????............ 53
4 Wife  .......................... ................. .           55
??????????????????ICP11?????.......57













2 ?????••••••• • • • • • • •...•• • •??• •• ••• • • • • • • • • • • • • • ........ •• •• • • •.........................""58
2.1 ? .................................   58
2.2 ?? ............. i................................. 59
2.2.1 icpll??????????????   ...... .^................59
2.2.2 ???????? .........??............................ 61
2.2.3 ??????????••••••• • • • • • • • .......    61
2.2.4 Western blotting ??  ...............:.................... 61
2.2.5 ICP11??????? ........    62
2.2.6 Far-Western blotting ??...................................... 63
2.2.7????????  .........    63
2.2.8 ???? SDS-PAGE.......................................... 63
2.2.9 d s R N A?????.........................   63
2.2.10 d s R N A?????????  .............. .................. 65
2.2.11 RT-PCR ??................................................. 65
2.2.12 qPCR ??.........................   67
2.2.13????.....................  67
2.2.14?????????? ?????? ........................ ...67
3 ??.................     67
3.1 icpll?????.......    67
3.2??ICP11????????.......................     68
3.3 Western blotting ??  ........................................ 69
3.4 ICP11???????.............      69
3.5 ICP11 ?????? ..................         71
3.6 d s R N A?????......................   73
3.7 qPCR ?? ICPll-dsRNA ???????    ........   73
3.8 RT-PCR ?? icpll ?????..........         75
3.9??????ICPll-dsRNA??????  ........   76
4 ??  .....           77
????????????????????  ...... ..79

















2.1 ?? .................................................. 79
2.2 ??........................................................ 80
2.2.1??????/??? qPCR???????....................80
2.2.2 DAPI?????????????....................  8G
2.2.3 DAPI??????????........ °   
2.2.4??/???????????????   ..............     
2.2.5????? qPCR??????/???????????........   
 . . ????.......................     
2.2.7???R N A RT-PCR????/??????????????   
3 ^ ........... ............................................................................ ...................................
3.1 qPCR???????????????????????...........82
3.2????...............  84
3.3 DAPI-??/???/??????????????.......  .84
3.4??/?????????????????    ...   84
4 ?? .......................................  ••••••••••........................................................••••••••••••••••••••••••••33
???????? ...........................        " 9
???? ...................................................................       ••••••••••91
? ? ? ................................................................................................. 133
? ? .................................   ....134
1 ??????° .......................................................        134
3??????????? .................................................................     133
3 ??????..................................................r............................................    3139
? ? ............................ :••••••• • • • • • • • ............• • • • • • • • • • • •113
        















Chinese abstract....................     1
• • /
English Abstract.........................    :?................................. 3
Introduction  .....................        5
1 Research on white spot syndrome virus( WSSV )  5
1.1 Overview of white spot syndrome virus ..............................5
1.1.1 F inding of white spot syndrome virus    ........................ 5
1.1.2 Symptom of white spot syndrome virus............................. 6
1.1.3 Naming of white spot syndrome virus........ 6
1.1.4 Size and structure of white spot syndrome virus....................... 7
1.1.5 Host and host substitute of white spot syndrome virus.................. 8
1.1.6 Propagation path of white spot syndrome virus :.................. 10
1.1.7 The infection and assembly of white spot syndrome virus ............. 11
1.2 Isolation and detection technology of of white spot syndrome virus....... 13
1.2.1 Purification of white spot syndrome virus.........  13
 .2.2 Detection of white spot syndrome virus...............  13
 .3 Genomics of white spot syndrome virus.............................. 15
 .4 Proteomics of white spot syndrome virus.............................20
1.4.1 Structural proteins of white spot syndrome virus..................... 21
1.4.2 Non-structural proteins of white spot syndrome virus...........   28
 .4.3 Other functional genes of white spot syndrome virus.................. 30
 .4.4 Proteins interation of white spot syndrome virus  .. ................31
2 RNAi application............................ ••••••••••••••••••••••••..........................  ••••••••••.............  32
2.1 Discovery and mechanism of R N A i......  32
2.2 RNAi applications......................   35
2.2.1 Functional genomics application of RNAi ....     35
2.2.2 Genetic intervention application of R N A i......... ...... ........... • • 36
2.2.3 Interference and suppression virus application of RNAi  ............36
3 Research on WSSV infecting primary-cultured shrimp hemocyte  .............37
3.1 Primary cultivation ofshrimp hemocyte ..................    37














4 Contents, purpose and significance of thesis.................................  40
4.1 Contents of thesis.........................................  40
4.2 Significance of thesis.......................................... 40
Part 1 Function research of WSSV envelope protein VP41B ........... 41
1 Introduction..............................................................................................................41
2 Materials and methods...........................................................................   41
2.1 Materials.........................   41
2.2 Methods...........................................     42
2.2.1 Preparation of W S S V  intact virions and nucleocapsids................. 42
2.2.2 Cloning, expression and purification of vp41B gene.................43
2.2.3 Preparation of polyclonal antibody.............................. 45
2.2.4 Western blotting analysis......................................46
2.2.5 Localization of VP41B by immunoelectron microscopy ......... ....46
2.2.6 Far-Western blotting analysis...................................47
2.2.7 GST pull-down analysis..................................... ..47
3 Results.................................................        47
3.1 Structure of the vp41B gene  .................................. 47
3.2 Expression and purification of VP4IB.............  49
3.3 Expression and purification of GST-VP4IB...............   49
3.4 Western blotting analysis....................................... 50
3.5 Localization of VP4IB by immunoelectron microscopy ..  51
3.6 Far-Western blotting analysis of VP41B self-interaction ............   52
3.7 Identification of interaction between GST-VP41B and WSSV envelope protein
by GST pull-down analysis............................................53
4 Discussion......................         55
Part 2 Function research of WSSV non-structure protein ICP11 ....57
1 Introduction................     57
2 Materials and methods.............................................................................. .••••••••••.....58
2.1 Materials........................  ?......................... 58
2.2 Methods ....................................................................................................59













2.2.2 Preparation of polyclonal antibody............................... . 61
2.2.3 Extraction of total protein in the intestinal tissue .................... 61
2.2.4 Western blotting analysis........................................ 61
2.2.5 Localization of ICP11 by immunoelectron microscopy ^................62
2.2.6 Far-Western blotting analysis.....................................63
2.2.7 Gel filtration chromatography.............  63
2.2.8 Non-reduced SDS-PAGE  .............   63
?
2.2.9 Synthesis of dsRNA in vitro ..........  :............. 63
2.2.10 injection of dsRNA and sample preparation ....................... 65
2.2.11 RT-PCR analysis  ......................................... 65
2.2.12 qPCR analysis •••••• • • • • • • ......    67
2.2.13 Statistical analysis............................................ 67
2.2.14 Ultrathin section of low-temperature resin-embedded intestinal tissue and
transmission electron microscopy .................... ;................. .67
3 Results...............................................   63
3.1 Amplification of icp 11 gene.......................................67
3.2 Expression and purification of ICP 11.....   68
3 • • 3 Western blotting analysis......................................... 69
3.4 Localization of ICP 11 by immunoelectron microscopy.................. 69
3.5 Protein self-interaction of ICP 11.. ................................ 71
3.6 Synthesis of dsRNA in vitro ..........................   73
3.7 qPCR analysis of inhibition of virus proliferation by ICP 11 -dsRNA ....... 73
3.8 RT-PCR analysis of icpll gene transcription.......................... 75
3.9 Analysis of ICP 11 -dsRNA influencing virus assembly by ultrathin section and
transmission electron microscopy.......       76
4 Discussion ..........................   33
Part 3 The preliminary research on the mechanism of virus 
invasion  ...................       39
1 Introduction.....................    39
3 Materials and methods................................   39
2.1 Materials...............       79















2.2.1 Blood sinus injection of WSSV / nucleocapsid and qPCR analysis of viral
proliferation................................................   ?
2.2.2 DAPI labelled intact W SSV and nucleocapsid...................... 80
2.2.3 DAPI labelled heat-inactived E. coli..............................81
2.2.4 WSSV / nucleocapsid invading primary-cultured shrimp hemocyte.......81
2.2.5 Genome extraction and qPCR analysis of differences in hemocyte invasion by 
WSSV  / nucleocapsid..................................... ??.... 81
2.2.6 Statistical analysis..............     82
2.2.7 Extraction total R N A  and RT-PCR analysis of gene transcription after WSS V  /
nucleocapsid invading hemocyte......................................82
3 Results...................     33
3.1 qPCR analysis of virus proliferation after blood sinus injection of WSSV and 
nucleocapsid ....................   82
3.2 labelled observation..........................   84
3.3 The proportion of hemocyte invaded by DAPI-WSSV/nucleocapsid/E. coli in 
vitro .......................................................... 84
3.4 Replication and transcription after W S  SV/nucleocapsid invading hemocyte in 
vitro ...........................................................84
4 Discussion................................         33
Part 4 Summarization .........................................••••••••••..................   33
References.................................................................      91
Abbreviation...................................................     133
Appendix..........................     134
1 Main Instrument........................................................................................ •••••••••••••••••• 134
3 The preparation of common solutions and medium  ......................  X33
3 Routine methods  ........................................-...........................   139















??????????? White spot syndrome virus, WSSV) ?????? 
????????????????DNA?? ????????(Nimaviridae) 




Western blotting???????? ?? VP41B???????????  
?????????Far-Western blotting?????VP41B? VP28 VP26 
???????? ??VP41B???????????????
ICP11 (Infected cell protein 11 )? WSSV????????????? 
????????????Western blotting???????? ?? ICP11 
???????????? ??????????????? ?????? 
????????? Far-western blotting??????????????? 
???????? ???????SDS-PAGE?????????????? 
??????? ???????????????????????RNA?? 
???????? ICPll-dsRNA? icpll??????? ???????? 




? ??qPCR??????????????? ?????????? ? 
????????? ????????????????DAPI?????? 
?? ?????????????????? ????????????? 
????????????????? ????????20% ,?_???? 
??????????????????????qPCR? RT-PCR?????? 
????????iel? vP28??????,??????????iel?vp28 

































White spot syndrome virus (WSSV) is an non-occluded, rod-shaped, enveloped 
and double-stranded D N A  virus. It has been classified as theWe member in a novel 
virus genus, Whispovirus, of the family Nimaviridae.ln this paper, we focused on the 
viral disease-related genes, including function analysis of structure protein VP41B 
and non-structure protein ICP11 of WSSV. In addition, we also make preliminarily 
research on the mechanism of vims invasion.
Our laboratory has found VP41B as one of viral envelope protein. To confirm 
this result, Western blotting and immuno-electron microscopy(IEM) were used to 
identify the envelope protein location of VP41B. It was found that VP41B could 
interact with VP28 and VP26 separately by GST pull-down and Far-western blotting. 
Furthermore,we found that VP41B can polymerize into a dimer by self-interaction.
ICP11 (Infected cell protein 11) is a high-abundance protein generated in the host 
cell after W S S V  infection. By using Western blotting and IEM, we confirmed that 
ICP11 didn’t exist in intact viral particles, but in the cell extraction of 
W S  SV-challenged host.The result indicated that ICP11 is a non-structural protein. We 
found ICP11 can polymerize into a dimer by Far-western blotting and Gel Filtration 
Chromatography (GFC). Furthermore, the dimer was respectively treated with or 
without p-mercaptoet-
hanol followed by analysis with SDS-PAGE. We found that both of different 
treatment exhibit monomeric form.The most likely mechanism would not be mediated 
by disulfide bonds but presumably via other types of inter-molecular interaction. In 
succession, RNAi assay was used to silence icpll gene by injection with specific 
dsRNA targeting to ICPll.The results from quantitative PCR (qPCR) showed that the 
W S S V  proliferation was inhibited obviously. Abundant membrane vesicle were 
discovered in the fields of transmission electron microscopy (TEM) observation when 
icpll gene was knocked down. The results suggested that ICP11 got involved in the 
W S S V  assembly.














receptor protein was recognized. In this study, we injected intact WS S V particles and 
nucleocapsid into shrimp respectively. qPCR results showed that virus can proliferate 
in the WSSV-injected group while no viral proliferation was detected in the 
nucleocapsid-injected group. In addition, we labelled intact virion?nucleocapsid and 
heat-inactived E.coli using DAPI. After incubation with hemocyte respectively, 
fluorescence microscope observation showed that all of them can invade 
approximately 20%  of hemocyte, which indicated virus invaded into host with the 
mechanism of nonspecific passive phagocytosis. RT-PCR and qPCR analysis showed 
that iel and vp28 gene can replicate and transcribe. Based on these data, we assumed 
that envelope protein is not essential for the viral invasion process. But virus 
proliferated in the hemocyte only with the help of envelope proteins. These findings 
also suggested that the original phagocytosis process which is used by host for 
removing foreign pathogens transformed into virus invasion shortcut. There must be 
some key factors exist in the viral envelope protein complex for triggering or 
regulating virus proliferation
Key words: White spot syndrome virus(WSSV); structural protein; non-structural; 
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